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A method fdr sequencing DNA by detecting the 
identity of la dideoxynucleotide incorporated to 
the 3' end bf a DNA sequencing fragment using 
mass spectrometry , which comprises: 



(a) 



(b) 



(c) 



(d) 



(e) 



attaching a chemical moiety via a linker to 
a dideoxynucleotide to produce a labeled 
dideoxynilcleot ide ; 

terminating a DNA sequencing reaction with 

the labeled dideoxynucleotide to generate a 

labeled okfA sequencing fragment, wherein 

f 

the DNA sequencing fragment has a 3' end 
and the chemical moiety is attached via the 

^ 3' end of the DNA sequencing 



linker to j 



f ragme: 

capturing 1 the .^Labeled DNA sequencing 
fragirtent ^afi a surface coated with a 
compound tllat specifically interacts with 
the chemica^ moiety attached via the linker 
to the DNA't sequencing fragment, thereby 
capturing thJp DNA sequencing fragment ; 
washing the |urface to remove any non-bound 
component ; 

freeing the \DNA sequencing fragment from 

the surface; and 

DNA sequencing fragment using 
try so as to sequence the 



(f) analyzing the 
mass spectrom 



DNA. 




A method 

identity of a plur^ 
incorporated to the 3 r 



DNA by detecting the 
of dideoxynucleo tides 
end^^f-^dif f erent DNA 



Sequencing fragments using mass spectrometry, 
wh\ch comprises: 

(a) \attaching a chemical moiety via a linker to 

k plurality of different dideoxynucleot ide s 
to\produce labeled dideoxynucleotides ; 

(b) terminating a DNA sequencing reaction with 
the labeled dideoxynucleotides to generate 
labeled DNA sequencing fragments, wherein 
the DNA\sequencing fragments have a 3' end 
and the chemical moiety is attached via the 
linker to \he 3' end of the DNA sequencing 
fragments; \ 

(c) capturing t W^l S labeled DNA sequencing 
fragments ol vl\ surface coated with a 
compound thak>sp^ci^ically interacts with 
the chemical moieiW attached via the linker 
to the DNA sequencing fragments, thereby 
capturing the DNA sequencing fragments; 

(d) washing the surface tX remove any non-bound 
component; \ 

(e) freeing the DNA sequencing fragments from 

the surface; and \ 

(f) analyzing the DNA sequencing fragments 
using mass spectrometry so \as to sequence 
the DNA. \ 

The method of claim 2, wherein tWe chemical 
moiety is attached via a different \inker to 
different dideoxynucleotides. \ 



The method o4 claim 1 or 2, wherein the 
interaction between the chemical moiety attached 
via the linker \to the DNA sequencing fragment 



-Gl- 




and the Compound on the surface comprises a 
biotin-str Jtotavidin interaction, a phenylboronic 
acid-salicylhydroxamic acid interaction, or an 
antigen- antibody interaction . 
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The method ofl claim 1 or 2, wherein the step of 
freeing the 1DNA sequencing fragment from the 
surface comprises disrupting the interaction 
between the ihemical moiety attached via the 
linker to the! DNA sequencing fragment and the 
compound on the! surface. 



The me 



of claim 5, wherein the interaction 




is disrupted b ^^^me a^fi s\ selected from the group 
consisting of one or means, a 

chemical means, a physical chemi&ai^raeans , heat, 
and light . 




7. The method \of claim 1 or 2, wherein the 
dideoxynucleot^ide comprises a cytosine or a 
thymine with k 5-position, or an adenine or a 
guanine with k 7-position, and the linker is 
attached to tVe 5-position of cytosine or 
thymine or to \the 7-position of adenine or 
guanine . 
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The method of claim 1 or 2, wherein the step of 
freeing the DNA sequencing fragment from the 
surface comprises c\Leaving the linker. 




The met-h^ of claim 8, where the linker is 
cleaved by a Trre^n£ selected from the group 
consisting of one or\ m^&^of a physical means, a 



chetniQal means, a physical chemical means, heat, 
and lightr^^-^^^ 

The method of claim whereT?r^tJie^ is 

cleaved by ultraviolet light. ^"~-~-a 

The\method of claim 1 or 2, wherein the linker 
comprises a derivative of 4™aminomethyl benzoic 
acid A 



The method h^s claim 11, wherein the linker 
comprises c/ne \or more fluorine atoms. 




14. The method of claim 1, wherein a plurality of 
different labeled dideoxynucleotides is used to 
generate a plurality of different labeled DNA 
sequencing fragments . 

15. The methoVi of claim 3 or 14, wherein a plurality 
of different linkers is used to increase mass 
separation\ between different labeled DMA 
sequencing Yragments and thereby increase mass 
spectrometry! resolution . 



16. The method of claim 1 or 2, wherein the chemical 



moiety 



comprises 



ideoxynucleotide 



dide* 



biot in , 
is a 



the labeled 
biot inyla ted 



.ynucleotide , the labeled DNA sequencing 
fragmentX is a biotinylated DNA sequencing 
fragment, ancKt^e^urface is a streptavidin- 
coated solid surtfa 
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The method of claim 16, wh^in the biotinylated 
dideoxynucleotide is selectedX^rom the group 
consisting of ddATP-ll-biotin, ddCT^ll-biot in , 
ddGTP-ll~biotin, and ddTTP-1 6-biotin . 



5r »■ !l 



18. The method of claim 16, wherein the biot inylated 
dideoxynucleotide is selected from the group 
consisting of: 



ddNTP 




ddNTPS 



ddNTP 



wherein ddNTPl, ddNTP2, ddN\P3, and ddNTP4 
represent four different dideoxyn\icleotides 



19. The method of claim 18, wherein the biotinylated 
dideoxynucleotide is selected from the group 
consisting of: 




t.:j ;i 



20. The method of claim 16, wherein the biotinylated 
dideoxynucleotide is selected from the group 



consisting of 




ddNTF*4 <=::5> '^ 

ri 



HN^/NH 

n 



wherein ddNTPl, ddNTP2, ddNTP3, \ and ddNTP4 
represent four different dideoxynucle<kides 
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The method of claim 20, wherein the biotinylated 
dideoxynucleotide is selected from the group 
consisting of: 




The method of claim 16, \wherein " the 

streptavidin-coated solid surface is a 

streptavidin-coated magnetic bead\ or a 

streptavidin-coated silica glass. \ 

The method of claim 1 or 2, wherein steps (b\ to 
(e) are performed in a single container or in\ a 
plurality of connected containers. \ 



24. Use of the method of claim 1 or 2 for detection 
of single nucleotide polymorphisms, genetic 
mutation analysis, serial analysis of gene 
expression, gene expression analysis, 

identification in forensics, genetic disease 
association studies, genomic sequencing, 

ranslational analysis, or transcriptional 
arisalysis . 
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25. A linger for attaching a chemical moiety to a 
dideoxymacleotide , wherein the linker comprises 
a derivati\e of 4-aminomethyl benzoic acid. 
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2 6 . The linker 



claim 25, wherein the linker 



comprises one oAmore fluorine atoms . 



27. The linker of claiirk/ £ 6 , wherein the linker is 
selected from the V^ 01 4A consisting of: 



20 



o 




CH 2 NHC(0)CF 3 



25 



O 



^ H 




CH 2 NHC(0)CF 3 



30 



and 
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The linker of claim 25, wherein the linker is 
cleavable by a means selected from the group 
insisting of one or more of a physical means, a 
chemical means, a physical chemical means, heat, 
and right . 



29. The link' 



of claim 28, wherein the linker is 



cleavable b\ ultraviolet light. 
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30. The linker of \claim 
moiety comprises 
phenylboronic afcid 
antibody, or an \antjCg 1 



25, wherein the chemical 
bio tin, streptavidin , 

salicylhydroxamic acid, an 
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^3* «1- * 



The 



linker 



of 



claii 



*2> i3 , 



wherein 



the 



dideoxynucleotide comprise^ a cytosine or a 
thymine with a 5-position, \r an adenine or a 
guanine with a 7-position, afkd the linker is 
attached to the 5-position oSL cytosine or 
thymine or to the 7-position oK adenine or 
guanine . 



32. Use of the linker of claim 25 in DNA sequencing 
using mass spectrometry, wherein the linker 
increases mass separation between different 



dideoxynuc 



increases 




mas s 



spectrometry res 



A labeled di\ieoxynucleot ide , which comprises a 
chemical moieny attached via a linker to a 5- 
position of cytokine or thymine or to a 7- 
position of a/"er\ir^ or guanine 



The 



labeled di&eoxy/nucleotide of claim 33, 



wherein the lin 



is cleavable by a means 



selected from kfie\ group consisting of one or 
more of a physical means, a chemical means, a 
physical chemical melans, heat, and light 

The Pai^sd ed dideoxynucleotide of claim 34 , 
wherein the lihlte-fc^ cleavable by ultraviolet 




light . 



The labeled dideoxynucleotide of claim 33., 
wherein the ^^ftejiiical moiety comprises biotin, 
streptavidin, &r*~) phenylboronic acid, 
salicylhydroxamijp acid, an antibody, or an 
antigen . 





The labeled 
wherein 



dideoxynucleot ide of claim 
labeled dideoxynucleot ide 



33, 

i s 



selected from the group consisting of: 



ddNTPI 



H y O 
H N-f 

NH 



ddNTP 



ddNTP3 



ddNTP 




wherein ddNTPI , ddNTP2, ddNTP3, and ddNTP4 
represent four different dideoxynucleot ides . 
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39. The labeled dideoxynucleot ide of claim 33, 
wherein the\ labeled dideoxynucleot ide 
selected from the group consisting of: 



r s 



ddNTPI 




ddNTP3 



ddNT 



wherein ddNTPI , ddNTP2, 



and ddNTP4 



represent four different dideaxynucleotides . 



40. The labeled dideoxynucleoticie of claim 39, 
wherein the labeled dideoxynucleotide is 
selected from the group consisting of: 



ddCTP 




ddTT 



N ^\ 
H xx 



ddATF^^ N 

H 



ddGTF 5 ^^" N 

n 




o- 



O, / 







0 



¥ 
o 




and 
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41. Use of the lab^lT^ dideoxynucleotide of claim 33 
in DNA sequencing / using mass spectrometry, 
wherein the linkup— f ncreases mass separation 
between different liable led dideoxynucleotides and 



increases mass spectrometry resolution. 
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42. A system for separating a chemical moiety . from 
other component^ in a sample in solution, which 
c omp rises : 

(a) a channel boated with a compound that 
specifically Xinteracts with the chemical 
moiety, wherein the channel comprises a 



43. 



44 



46 . 



plurality o 



(b) a plur- 



(c) 



holding the sa 
a connection 



channel and a/flell; and 



(d) a means for ni 



channel between 



The system of claim 4 
between the chemica, 
coating the surfa 
interaction, 



The sys 
moiety is 
is a s t reptavid:rfti6 




ells each suitable for 



etween each end of the 



the sample through the 



salicylhydroxamic V 
antigen -antibody interaction 



wherein the interaction 
moiety and the compound 
s a biotin-streptavidin 
phenylbcronic acid- 
interaction, or an 



of claim 42, | wherein the chemical 
iotinylated moiety and the channel 
ted silica glass channel . 




45. The system of claim 44, herein the biotinylated 
moiety is a biotinylate^K. DNA sequencing 
fragment . 



The system of 
moiety can be f 
disrupting the int 
.ety and the compo 



moi 




2, wherein the chemical 
from the surface by 
ion between the chemical 
d coating the surface. 
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system of claim 46, where the interaction 
can be dTiB^LiPted bj^a means selected from the 




group consisting c555^ae^or more of a physical 
means, a chemical meafrs , a T^Lsical chemical 
means, heat, and light. 
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48. The system ofl/^laim 42, wherein the chemical 
moiety is atttaoftied via a linker to another 
chemical comp gaffed 



5r 




49. The sy 

chemical compoun 



5 0 . The system 



cleavabl 



consisting o 



chemical 



and light. 




im 48, wherein the other 
DNA sequencing fragment. 

claim 48, where the linker is 
a^ means selected from the group 
e or more of a physical means, a 
, a physical chemical means, heat, 



The system of claim 50, wherein the channel is 
^sansparent to ultraviolet light and the linker 
is cIHavable by ultraviolet light. 
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52 



A multi-cha'b&el system, which comprises a 
plurality of the^s^stteki of claim 42. 
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53. The multi-channel systerri\of claim 52, wherein 
the channels are in a chip. 

54. The multi-channel system of claim\53, which 
comprises 96 channels in a chip. 



55. Use of the system of claim 42 or 52 for 
separating one or more DNA sequencing fragments, 
\ wherein each fragment is terminated with a 
dj>deoxynucleotide attached via a linker to the 
cheiAical moiety. 

A methods, of increasing mass spectrometry 
resolution between different DNA sequencing 
fragments, whicH^ c|4)rises attaching different 
linkers to difffererak dideoxynucleotides used to 
terminate a DNA^equewing reaction and generate 
different DNA sequencin^^ragments, wherein the 
different linkers increasV mass separation 
between the different DNA sequ^icing fragments, 
thereby increasing mass spectrometrv resolution . 



The method of claim 56, wherein one or\ore of 
the different linkers comprises one or Nqior.e 
fluorine atoms . x 



58. The method of claim 57, wherein one or more of 
the different linkers is selected from the group 
consisting of: 
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O 




CH 2 NHC(0)CF 3 




CH 2 NHC(0)CF 3 



and 





F" " F 

CH 2 NHC(0)CF 3 
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